Background: Many health human resource planners have warned that Canada, like much of the industrialized world, is facing a nursing shortage. In Canada, nearly one-third of registered nurses (RNs) in the workforce are aged 50 years or older, and will soon reach the typical retirement age of 65 years. Research also indicates that an increasing proportion of RNs are retiring early, many by age 56. This paper examines the impact of RN retirement and death on the future RN supply.
RNs working to a maximum age of 55 (i.e., retirement at age 55 as a worst case scenario); (3) RN losses when observed retirement rates are reduced, assuming a maximum work age of 65. Separate estimates are made for six regions of Canada (Atlantic, Quebec, Ontario, Manitoba/Saskatchewan, Alberta and British Columbia), for all of Canada (including territories) and for four employment sectors (hospital, long-term care, community, and other employment). A method for examining the distribution of the proportionate losses among regions or employment sectors was also devised (i.e., the index ratio). Between 1997 and 2001, the number of RNs employed in nursing aged 20 to 65 remained relatively stable in Canada, increasing by only 1.1%, from 227,656 to 230,261. This small increase was not uniform across the country. The number of RNs increased in Alberta (7.5%), Ontario (3.1%), and the Atlantic region (1.2%), but decreased in Manitoba/ Saskatchewan (-2.7%), British Columbia (-2.3%), and Quebec (-1.1%). The number of RNs per 10,000 population decreased in Canada, from 75.9 in 1997 to 74.1 in 2001, as the population growth rate exceeded the rate of increase for the RN workforce. The average age of the RN workforce is increasing, from 42.3 years in 1997 to 43.6 years in 2001. British Columbia (44.7 years) and Ontario (44.2 years) claim the oldest workforces, on average, whereas Quebec (42.7 years) and the Atlantic region (42.3 years) have the youngest RN workforces. Across sectors, the proportion of RNs working in nursing in 2001 aged 50 years or older varied from 30% to 42% (CIHI 2002b) .
Results
Faced with this aging workforce, planning is now urgently required to grow a strong and vibrant RN workforce to meet future healthcare needs. This study contributes to this planning by generating national and regional estimates of the number of RNs aged 50 or older that can be expected to leave the RN workforce due to death or retirement by 2006. These estimates are then compared by region and nursing employment sector to determine the relative severity of losses. This study aims to 1. produce separate estimates of expected losses of RNs in Canada (aged 50 or older) if RNs retire at currently observed retirement rates up to the maximum work ages of 65 and 55 respectively 2. identify and compare the proportionate losses of RNs nationally and regionally as well as by employment sector 3. examine the impact of reducing the observed retirement rates on the supply of RNs in 2006.
The phrase "typical retirement age of 65 years" is used throughout this document, since less than 0.5% of the Canadian RN workforce was aged over 65 in 2001 65 in (CIHI 2002b . Between 1997 and 2000, 43% of Canadian workers retired before age 60, compared to only 29% before 1990 (Kieran 2001) . In the healthcare industry, 49% of healthcare professionals retired before age 65 between 1997 and 2000 (Kieran 2001 ). Moreover, the average age of retirement among Canadian nurses was found to be 56 years, with many nurses considering retiring earlier (Aiken et al 2001; Connors 2001) .
This analysis intends to provide human resource planners, decisionmakers and those with an interest in nursing resources with information on potential losses of RN personnel by 2006.
HEALTH HUMAN RESOURCE PLANNING METHODOLOGY
The supply of health human resources makes up only one important piece of an HHRP framework. Supply reflects the actual number, type and geographic distribution of care providers available to deliver health services at any given point. Supply is fluid in nature and is influenced by several labour market factors, including but not limited to, participation rates, provider-to-population ratios, migra-tion and mobility, retirement and death (Lomas et al. 1985; O'Brien-Pallas 2002) . The adequacy of any particular level of supply will depend on the health needs of the population, the financial resources devoted to healthcare and the prevailing values of the population. (See for example the framework developed by O' Brien-Pallas et al. 2000) . It is not the intention of this paper to address these issues; application of the full models examining needs and utilization will be forthcoming in future papers. Instead, attention is focused on the impact of alternative retirement scenarios on the number of active RNs.
Many scholars have estimated the future supply of nurses in Canada (Ryten 1997; Ryten 2002) ; Wells 2001) , although the specific simulation methods differ from study to study. For example, Ryten (1997) projected the future supply of RNs for the nation based on the "survivors" from the existing nursing complement and the number of new entrants to nursing based on data between 1980 and 1995. Wells (2001) used a simpler strategy for projecting losses in Newfoundland and Labrador by taking the number of RNs currently aged 43 or older as the expected losses in 15 years, assuming all nurses stop working at age 58.
Nevertheless, no research has focused on the projected losses of experienced RNs to retirement and death. Losses by employment sector or across Canada and the impact of retention initiatives on sustaining the experienced nursing workforce have not been carefully examined. This study generates estimates of losses to retirement by region and nursing employment sector and estimates of losses to retirement under retention scenarios. The findings provide substantial knowledge to assist policymakers to plan effectively for the short-term future. Policy initiatives considered may relate to recruitment of new nurses with expansion of educational seats or may focus on unique strategies to retain the senior nursing workforce. As senior nurses leave the workforce, immense intellectual capital is lost and cannot be replaced by just adding more new graduates to the system.
METHODS
This study uses 1997-2001 data from the Registered Nurses Database (RNDB) at CIHI (CIHI 1998a; 1999a; 2000a; 2001a; 2002a) . The extraction and reporting of RNDB data for this study are consistent with CIHI privacy policies. Ethical approval for the study was received from the University of Toronto Tri-Council Ethics Committee. For full details on methodology, analytical considerations and data limitations, the reader is referred to the full report, entitled Bringing the Future into Focus: Projecting RN Retirement in Canada, published by CIHI (O'Brien-Pallas et al. 2003) . The RNDB contains data on all RNs submitting active-practising registration in a Canadian province/territory in the first six months of the registration year. The RNDB data were classified into four broad sectors: hospital (general, pediatric, maternal and psychiatric hospitals; mental health centre; nursing station; rehabilitation/convalescent centre); long-term care (nursing home/long-term care facility); community (community health centre, home care agency); other employment business/industry/occup-ational health centre, private agency nursing/private duty, self-employed, physician' s office/family practice unit, educational institution, association/ government, other). CIHI' s classification of nursing workplace (2000a; 2001a) can differ from provincial or territorial classifications.
The target population was narrowed to RNs aged 20 to 65 who were employed in nursing in the first six months of annual registration. Estimates of retirement losses focused on the population of RNs aged 50 to 65. Smaller provinces were combined into "regions" to ensure reliable and stable estimates for the projections. In total, projections were made for Canada and for six geographic regions: Atlantic (Newfoundland and Labrador, Prince Edward Island, Nova Scotia and New Brunswick), Quebec, Ontario, Manitoba/Saskatchewan, Alberta and British Columbia. Projections for Canada include all provinces and territories and are not merely a sum of the six regional totals.
A cohort-based projection method was developed and applied to three retirement scenarios to estimate the expected losses of RNs aged 50 or older due to death or retirement for 2001-2006. The three retirement scenarios examined were (1) all RNs working to a maximum age of 65 (i.e., retirement at age 65 as a best case scenario); (2) all RNs working to a maximum age of 55 (i.e., retirement at age 55 as a worst case scenario); (3) RN losses when observed retirement rates are reduced, assuming a maximum work age of 65. For the latter scenario, expected losses were recalculated assuming that it would be possible to retain 100% of the 50-to 54-year olds, as well as 75% of the 55-to 59-yearolds and 50% of the 60-to 64-year-olds who might otherwise have retired given the trend to earlier retirement. The estimates are based on the assumption that the current mix of full-time/part-time/casual employment among RNs will remain the same over the five-year period. This reflects the relatively stable employment patterns observed over the past several years for most regions (CIHI 1998b; 1999b; 2000b; 2001b; 2002b) .
Annual loss rates between 1997 and 2001 were calculated for each single-year age cohort (i.e., 50-yearolds, 51-year-olds, etc.) for all RNs between 50 and 64 years of age. The estimates were confined to the 2001-2006 period because errors tend to increase as data are projected further into the future (Smith et al. 2001) . The rates of loss of RNs between age cohorts in two consecutive years for 50-65 age groups are calculated by the proportion of RNs from a given age cohort who do not register to practise from one year to the next. No losses were assumed among nurses under age 50. The 1997/98 to 2000/01 loss rates, which are detailed in the full report, vary from year to year with no clear downward or upward trend of losses across time within single-year age cohorts. However, the older the nurse cohort, the greater the loss rates relative to the base year of 50.
Once calculated, the age-specific loss rates were averaged across four years of data, and the 2001 cohort was "aged forward" year by year toward 2006 by applying the average annual loss rates to the survivors at singleyear intervals for the entire forecast period. The estimated losses of nurses to retirement or death were generated by subtracting the number of RNs between two age cohorts in two consecutive years. Aggregating overall age groups and years produces the number of RNs anticipated to leave the nursing profession due to retirement or death.
An index ratio was developed to determine the relative severity of RN losses across regions and employment sectors. It expresses the estimated loss of RNs to death or retirement over the five-year period as a proportion of the total number of RNs employed in nursing in 2001; the higher the ratio, the greater the proportion of nurses to be lost to retirement or death. Ultimately, interpretation of this ratio must be evaluated within the regional context and supplemented with data on the needs of the population and other healthcare resources allocated to meeting those needs to provide a more comprehensive picture of the RN workforce. The severity of expected losses in a region or employment sector will depend on the age and geographic distribution of the workforce, recent trends of workforce growth or reduction, as well as health system and nursing policies at the provincial/territorial level.
Finally, the effects of reducing early retirement rates on RN retention were estimated. In this analysis, only the losses due to retirement were isolated for each region. Statistics Canada's (2001) most recent vital statistics on female mortality rates for single-year age groups between 50 and 65 were used to adjust the loss rates. Each cohort' s survivors were then "aged" by applying the adjusted survival rate to the single-year age cohorts of RNs aged 50 or older in 2001. The estimates assumed hypothetical early retirements of 0% of RNs aged 50-54 years, 25% of existing retirements for RNs aged 55-59 years and 50% of existing retirements for RNs aged 60-64 years. The purpose of this paper was not to propose or evaluate the success of retention strategies. Instead, the estimates are aimed at illustrating the potential benefits of reducing retirement rates to alleviate the strain on the healthcare system due to RN workforce losses. In addition, this method is conditioned on loss rather than growth, such that regions with overall growth will have smaller proportionate losses to the 2001 RN workforce. Further details concerning the methodology underlying the estimates can be found in the full report (O'Brien-Pallas et al. 2003) .
RESULTS

Expected Losses by Region Assuming Retirement at Age 65
Given the RN workforce trends observed between 1997 and 2001, this analysis determined the expected losses of RNs in the next five years due to retirement or death. Table 1 outlines the annual expected losses and provides an index ratio of losses. Under this best case scenario, Canada is estimated to lose almost 30,000 RNs to retirement or death by 2006, equivalent to 13% of the RN workforce in 2001. Ontario and Quebec are estimated to experience the largest losses (9,878 and 9,471 respectively), which together account for 65% of the estimated total losses in Canada. Alberta and the Atlantic region have the lowest proportionate losses. In contrast, despite having one of the youngest RN workforces (i.e., average age 42.7 years) the estimated proportionate loss is greatest for Quebec, which would lose 16% of its 2001 workforce to retirement or death. This may be due to the fact that the average age of the Quebec nursing workforce appears to be increasing at a greater rate than in other jurisdictions (Spurgeon 2000) . Nearly 40% of Quebec RNs were aged 45 or older in 1999, up from 31% in 1991 (Spurgeon 2000) .
Expected Losses by Employment Sector, Assuming Retirement at Age 65
The expected losses by 2006 for each employment sector, assuming a retirement age of 65, are presented in Table 2 . Community Sector: In 2001, 29,320 RNs worked in the community sector in Canada, with 32.7% between the ages of 50 and 65. The projected losses of RNs aged 50 or older are lower for the community sector than for other types of employment sectors. Table 2 shows under the best case scenario, a loss of 2,899 RNs in the community sector is projected for Canada by 2006, representing 10% of the workforce in 2001. Ontario, though having the highest number of RNs in the community sector, is projected to experience lower proportionate losses (8%) than Quebec (15%), or British Columbia (13%). Manitoba/Saskatchewan and Alberta are estimated to lose only 2% and 9% respectively of their community sector workforce in 2001. These smaller proportionate losses may be understood by exploring the recent growth and age profiles of the RN workforce in this sector (Alberta Health and Wellness 2000; Roos et al. 2001) .
Other Employment Sector: In 2001, 27,548 RNs were employed in other places of work. The other employment sector consists of RNs working in a variety of healthcare settings, such as physicians' offices, private nursing agencies, educational institutions or government. Among these RNs, 42.2% were between the ages of 50 and 65. Under the best case scenario, a loss of 3,904 RNs is estimated by 2006, 14% of the 2001 workforce ( Table 2) . The index ratio indicates that proportionate losses are relatively small for Quebec (0.09) but higher for Alberta (0.20), British Columbia (0.17) and Manitoba/Saskatchewan (0.15). In the absence of more detail, it is difficult to determine which specific settings within the heterogeneous "other" category are most affected by projected losses.
Expected Losses by Region Assuming Retirement at Age 55
If RNs were to retire at age 55, the worst case scenario, Canada could expect to lose 64,248 RNs to retirement or death by 2006, equivalent to 28% of the RN workforce in 2001 (Table 3 ). These losses are more than double the estimated losses of the best case scenario. Proportionally, the estimated losses are highest in British Columbia (32%) and lowest in the Atlantic region (22%). Note that for Quebec, the proportionate loss is relatively low whereas under the best case scenario Quebec's proportionate loss was highest of all regions.
Retention Scenarios: Expected Losses by Region if Early Retirement Rates Are Reduced
Using the age-related retirement rates as a basis for estimated losses, 52.8% (14, 905) (Aiken et al. 2001; Connors 2001) , the potential loss increases to 64,248, or 28% of the 2001 workforce. In other words, to maintain current levels, more than one in four of the 2001 RN workforce would need to be replaced by 2006, either by newly qualified RNs, immigration or re-entrants. New graduates and replacements, however, are likely on average to be less experienced than retiring RNs. Moreover, increasing population size and aging of the population suggest that maintaining current levels is unlikely to be sufficient to maintain existing standards of care.
The retention of experienced RNs has been suggested as a key factor in solving the RN shortage (Baumann et al. 2001; Canadian Nurses Association 1998; Canadian Nursing Advisory Committee 2002; Registered Nurses Association of Ontario and Registered Practical Nurses Association of Ontario 2000) . This study found that by retaining 100% of RNs aged 50-54, 75% of RNs aged 55-59 and 50% of RNs aged 60-64 (who would have otherwise retired before age 65) the estimated losses of RNs were reduced by almost half. The retention scenarios explored here are simply numerical illustrations of how reductions in existing retirement rates could alleviate expected losses. It was not the purpose of this paper to develop, articulate or investigate specific retention strategies that would yield reductions in currently observed retirement rates.
In summary, the cohort based estimation model utilized in this paper presents a picture of the expected short-term losses of RNs in the potential retirement age group. A comprehensive interpretation of the impact of the projected RN losses requires an understanding of the roles of other health professionals, including licensed practical nurses and registered psychiatric nurses and of the staffing mix within the context of service requirements and the healthcare system. Understanding the impact of retirement on the RN workforce within this regional context will assist policyand decision-makers in planning RN resources for the future. 
